OPTICAL INFORMATION RECORDING MEDIUM, 
METHOD FOR DETERMINING RECORDING CONDITION, 
OPTICAL INFORMATION RECORDING APPARATUS, 
AND INFORMATION PROCESSING APPARATUS 



BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a recordable optical 
information recording medium, particularly, a 
phase-change optical information recording medium such 
as CD-RW, DVD-RAM, DVD-RW, or DVD+RW, a method 
for determining recording condition used for recording 
information onto the optical information recording 
medium, and an optical information recording apparatus 
and an information processing apparatus for the optical 
information recording medium. 

Description of the Related Art 

As optical information recording media to/from 
which information is recorded/reproduced by irradiation 
of a laser beam, various media such as write-once CD-R, 
DVD-R, and DVD+R and rewritable CD-RW, DVD-RW, 
DVD+RW, DVD-RAM, MD, and MO disk are practically 
used. These optical information recording media as 
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removable media are replacing magnetic recording media 
such as a cassette tape and an FD and are in increasing 
demand year after year. 

Among the optical information recording media, 
CD-RW, DVD-RW, DVD+RW, DVD-RAM and the like 
utilize, as a material of a recording layer, a so-called 
phase-change material in which the structure thereof 
transits between a crystalline phase and an amorphous 
phase or between crystalline phases. Particularly, 
overwriting with a single beam, which is difficult to be 
carried out in a magnetooptic memory such as MD or MO, 
is easily carried out and an optical system on a 
corresponded recording/reproduction apparatus is simpler. 
Consequently, a phase-change optical information 
recording medium is in increasing demand. 

As the society is becoming more 
information-oriented and the amount of information 
handled is increasing, higher-speed recording of a larger 
amount of information is being requested. Those optical 
information recording media are expected to achieve 
higher density and higher linear velocity. 

In order to perform an excellent overwrite of 
information, in the case of recording information onto a 
phase-change optical information recording medium, 
recording, erasing, or rewriting is generally performed by 
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using a recording strategy of a multipulse pattern which is 
modulating the power level of a laser beam in three levels 
of a recording level (heating level) Pw, a bias level 
(cooling level) Pb, and an erasing level Pe. In the case of 
recording information to the same optical information 
recording medium at different linear velocities like 
multi-speed recording or CAV (Constant Angular Velocity) 
recording, the amount of energy for increasing the 
temperature of a recording layer in a high linear velocity 
range is larger than that in a low linear velocity range, so 
that optimum recording conditions vary. Consequently, 
excellent quality of recording is managed by setting 
optimum recording conditions corresponding to each liner 
velocities. Namely, a higher recording power is set in a 
high liner velocity range, compared with that in a low 
liner velocity range, and a recording strategy is set so as to 
increase an interval of applying a power level at a 
high-level pulse of a multipulse part. 

The optimum recording conditions vary according to 
the material, structure, and specifications of an optical 
information recording medium, the configuration and 
specifications of an optical information recording 
apparatus, and the like. According to an often employed 
method, therefore, information of standard recording 
conditions is preliminarily stored in an optical information 
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recording medium. On the basis of the information, test 
recording is performed just before recording in each 
optical information recording apparatus into which the 
optical information recording medium is loaded to 
determine detailed settings of the recording conditions. 

However, the information stored as the standard 
recording conditions has a capacity only for one type of a 
pulse pattern, so that a recordable linear velocity range is 
limited to the linear velocity range with which the pulse 
pattern can be recorded. 

For example, CD-RW media include an optical 
information recording medium adapted to multispeed 
recording (lx - 4x recording: Orange Book Part III, Vol. 1) 
and an optical information recording medium adapted to 
high-speed recording (4x - 10x recording: Orange Book 
Part III, Vol. 2). On the CD-RW medium adapted to 
multispeed recording, only information of parameters of 
pulse patterns for performing lx, 2x, and 4x recording is 
recorded. On the CD-RW medium adapted to high-speed 
recording, only information of parameters of pulse 
patterns for performing 4x, 8x, and 10x recording is 
recorded. The recording performance is hence limited to 
lx to 4x recording on the CD-RW medium adapted to 
multispeed recording, and to 4x to 10x recording on the 
CD-RW medium adapted to high-speed recording. 
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In addition, in the case of using an optical 
information recording apparatus adapted only to 
multispeed recording, the apparatus cannot record 
information on a CD-RW medium adapted to high-speed 
recording. This is actually a limitation due to constraints 
in specification. The limitation is set because an optical 
information recording apparatus cannot perform recording 
exceeding limits of specification thereof. Specifically, the 
high-speed recording such as 8x or 10x, exceeds limits of 
specifications of a CD-RW recording apparatus adapted to 
multispeed recording such as a rotational speed of a 
spindle motor and/or an upper limit of a power level of a 
pulse pattern of a laser beam and/or pulse width 
minimum time. 

Therefore, each time a new standard is set in 
correspondence with higher-speed recording and an 
optical information recording medium conforming to the 
new standard appears, existing optical information 
recording apparatuses become old-fashioned and their 
capability regarding recording speed becomes low. This 
tendency leads that a number of apparatuses have short 
lives as products and are discarded. 

As a result, at present and in future, in 
circumstances where various optical information recording 
media and various optical information recording 
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apparatuses exist or can exist, due to lack of consideration 
of compatibility and matching between a medium and an 
apparatus, there are following cases. An optical 
information recording apparatus can record information 
on an optical information recording medium but another 
optical information recording apparatus cannot record 
information on the medium though the recording system is 
the same. An optical information recording apparatus 
can record information on an optical information recording 
medium but cannot record information on another optical 
information recording medium. Further, although 
recording can be performed but the recording is limited to 
a low linear velocity range. The compatibility or 
matching in a combination between an optical information 
recording medium and an optical information recording 
apparatus is low. 

SUMMARY OF THE INVENTION 
An object of the present invention is to improve 
compatibility or matching between an optical information 
recording medium and an optical information recording 
apparatus by enabling information to be recorded or 
rewritten maximally in an arbitrary combination of an 
optical information recording medium and an optical 
information recording apparatus of the same recording 
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system. 

Another object of the present invention is to prevent 
an optical information recording apparatus from becoming 
an old-model and to prolong life of the apparatus as a 
product by improving compatibility or matching between 
an optical information recording medium and an optical 
information recording apparatus in an arbitrary 
combination. 

Further another object of the present invention is to 
realize improvement in compatibility or matching between 
an optical information recording medium and an optical 
information recording apparatus in an arbitrary 
combination with the minimum amount of pre-formatted 
information. 

Further another object of the present invention is to 
make an optical information recording medium suited to 
be applied to an external memory device or the like of a 
computer by making recording operation performed at 
speed as high as possible by improving compatibility or 
matching between the optical information recording 
medium and an optical information recording apparatus in 
an arbitrary combination. 

According to a first aspect of the optical information 
recording medium of the present invention, there is 
provided an optical information recording medium 
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comprising a transparent substrate having 
concentric-circle or spiral grooves, and a phase-change 
recording layer, on the transparent substrate, capable of 
generating a phase-change by being exposed to a laser 
beam which emission is controlled at where recording 
marks and spaces between the recording marks both 
having duration nT ("n" expresses nonnegative integer, 
and "T" expresses a reference clock period) are to be 
marked, based on Pulse Width Modulation. In the first 
aspect of the optical information recording medium, 
recording conditional information is pre-formatted on the 
optical information recording medium, and the recording 
conditional information includes parameters of a plurality 
of multipulse patterns in different applied liner velocity 
ranges and information of liner velocities capable of 
recording on the optical information recording medium 
using the multipulse pattern. Furthermore, the 
multipulse patterns are combinations of a heating pulse 
and a cooling pulse, and the multipulse patterns specify 
light emission waveforms of the laser beam to which the 
optical information recording medium is exposed at the 
time of recording the recording marks. 

In the present invention, the "applied linear velocity 
range" is not limited to a range of linear velocities such as 
from 9.6 m/ s (corresponding to 8x of reproduction of a 
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CD-ROM) to 28.8. m/s (corresponding to 24x of 
reproduction of a CD-ROM) but includes the case of only a 
specified linear velocity (that is, lowest linear velocity = 
highest linear velocity) fixed to, for example, 19.2 m/ s 
(corresponding to 16x of reproduction of a CD-ROM). 
"Different applied linear velocity ranges" means that 
ranges each from the lowest linear velocity to the highest 
linear velocity are different from each other as a whole and 
allows that the ranges are partially overlapped with each 
other like a combination of the range from 9.6 m/ s 
(corresponding to 8x of reproduction of a CD-ROM) to 19.2 
m/s (corresponding to 16x of reproduction of a CD-ROM) 
and the range from 9.6 m/s (corresponding to 8x of 
reproduction of a CD-ROM) to 38.4 m/s (corresponding to 
32x of reproduction of a CD-ROM). 

The parameters of a plurality of multipulse patterns 
in different applied linear velocity ranges, and the 
information of linear velocities at which information can 
be recorded on the medium with each of the multipulse 
patterns is pre-formatted as recording conditional 
information. Consequently, in the case where the optical 
information recording medium is loaded into an optical 
information recording apparatus and provided for 
recording, erasing, or rewriting information, by using the 
plurality of multipulse patterns, the information regarding 
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the recordable linear velocities of the optical information 
recording medium can be provided in a wider range of the 
different applied linear velocity ranges to the apparatus. 
The apparatus can select a recording condition according 
to the performances of itself. Thus, recording, erasing, or 
rewriting of information can be maximally performed in an 
arbitrary combination with an optical information 
recording apparatus of the same recording method, and 
compatibility or matching in an arbitrary combination 
between the optical information recording medium and the 
optical information recording apparatus is improved. 

According to a second aspect of the optical 
information recording medium of the present invention, 
the recording conditional information further include 
parameters of test recording corresponding to each of the 
multipulse patterns. 

In actual determination of a recording condition, test 
recording for setting an optimum light emission power of a 
laser beam is often performed. Since the parameters of 
the test recording corresponding to each of the multipulse 
patterns are also pre-formatted as the recording 
conditional information, an operation of the test recording 
according to a selected multipulse pattern can be 
performed simply and adequately. 

According to a third aspect of the optical 
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information recording medium of the present invention, 
considering the first and second aspects, one of the 
multipulse patterns is a IT cycle pattern including a part 
in which a combination of a heating pulse and a cooling 
pulse is set as a IT cycle, and another one of the 
multipulse patterns is a 2T cycle pattern including a part 
in which a combination of a heating pulse and a cooling 
pulse is set as a 2T cycle. 

The 2T cycle pattern including a part in which a 
combination of the heating pulse and the cooling pulse is 
set as a 2T cycle, is a multipulse pattern adapted to 
high-speed recording. It was devised to address a 
problem that in the case of recording information using a 
laser beam according to a multipulse pattern, when 
recording linear velocity becomes high, the basic clock 
frequency increases, and a laser beam source cannot flow 
the rising and falling edge. Since such a 2T cycle pattern 
is pre-f ormatted together with the normal IT cycle pattern, 
the applied linear velocity range can be widened, and 
improved compatibility or matching in an arbitrary 
combination with an optical information recording 
apparatus can be realized by the minimum amount of 
pre-formatted information. On the optical information 
recording apparatus side in which the optical information 
recording medium is loaded, recording in a high-velocity 
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range which is difficult to be performed by the normal IT 
cycle pattern can be realized by using the 2T cycle pattern 
in an apparatus of the same specifications. Thus, it 
suppresses an optical information recording apparatus 
from becoming an old-model and product life is 
prolonged. 

In a fourth aspect of the optical information 
recording medium of the present invention, considering 
the third aspect, the IT cycle pattern is a multipulse 
pattern of which applied linear velocity range is fixed to a 
specific linear velocity. 

Therefore, the invention can be suitably applied also 
to a case of a combination of the applied linear velocity 
range of the IT cycle pattern, which is fixed to 19.2 m/ s 
(corresponding to 16x of reproduction of a CD-ROM) and 
the applied linear velocity range of the 2T cycle pattern 
from 9.6 m/s (corresponding to 8x of reproduction of a 
CD-ROM) to 28.8 m/s (corresponding to 24x of 
reproduction of a CD-ROM). 

In a fifth aspect of the optical information recording 
medium of the present invention, considering the first to 
fourth aspects, the pre-formatted information is encoded 
with a wobble of the guide groove. 

Therefore, at the time of pre-formatting parameters 
(recording conditional information), the conventional 
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wobble encoding method can be utilized and the first, 
third, and fourth aspects can be easily realized. 

According to a sixth aspect of the optical information 
recording medium of the present invention, considering 
the fifth aspect, the pre-formatted recording conditional 
information is encoded using frequency modulation of the 
wobble. 

Therefore, the invention can be suitably applied to a 
so-called rewritable optical information recording medium 
such as a CD-RW. 

According to a seventh aspect of the optical 
information recording medium of the invention, 
considering the fifth aspect, the pre-formatted recording 
conditional information is encoded using phase 
modulation of the wobble. 

Therefore, the invention can be suitably applied to a 
so-called rewritable optical information recording medium 
such as a DVD+RW. 

According to an eighth aspect of the optical 
information recording medium of the present invention, 
considering the fifth to seventh aspects, the pre-formatted 
recording conditional information is encoded in a lead-in 
area on the optical information recording medium. 

As a consequence, reliable read-out of the 
parameters (recording conditional information) can be 
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achieved utilizing the lead-in area, which is usually 
accessed by an information recording apparatus to obtain 
characteristic information of a disc, as a pre-formatted 
area. 

In a ninth aspect of the optical information recording 
medium of the present invention, considering the fifth to 
seventh aspect, the pre-formatted information is encoded 
in either a part on the inner radius side of an information 
recording area, or a part on the inner radius side of a test 
recording area, on the optical information recording 
medium. 

Consequently, even when the lead-in area is an 
insufficient in the capacity of information amount with 
respect to information amount to be recorded, the problem 
can be addressed without disturbing the information 
recording area. 

In a tenth aspect of the optical information recording 
medium of the invention, considering the fifth to seventh 
aspects, the pre-formatted recording conditional 
information is encoded in either a part on the outer radius 
side of an information recording area and on the outer 
radius side of a lead-out area, or, an area on the outer 
radius side of a test recording area in the outer peripheral 
part, on the optical information recording medium. 

Consequently, even when the lead-in area is 
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insufficient in the capacity of information amount with 
respect to information to be recorded, the problem can be 
addressed without disturbing the information recording 
area. 

In an eleventh aspect of the optical information 
recording medium of the present invention, considering 
the first to fourth aspects, the pre-formatted information is 
encoded in a part of an information recording area on the 
optical information recording medium. 

Therefore, the recording conditional information can 
be pre-formatted at an arbitrary time point even on an 
existing optical information recording medium. 

In a twelfth aspect of the optical information 
recording medium of the present invention, considering 
the first to fourth aspects, the pre-formatted information is 
written as codes in a part of a surface of the optical 
information recording medium. 

Consequently, the recording conditional information 
can be additionally preformatted even onto an existing 
optical information recording medium. 

According to a first aspect of the method for 
determining a recording condition of the present invention, 
the process comprises the step of reading recording 
conditional information of each of multipulse patterns 
pre-formatted on the optical information recording 
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medium of the present invention loaded in an optical 
information recording apparatus; the step of comparing 
the pre-formatted recording conditional information with 
recording conditional information of the optical 
information recording apparatus regarding performances 
including recordable liner velocity; the step of selecting a 
recording conditional information which satisfies a desired 
optimum condition based on the result of the comparing; 
the step of generating a multipulse pattern used for 
specifying light emission waveforms of a laser beam, based 
on the result of selecting. In the method, the determined 
(selected) recording condition refers to a recording 
strategy which determines a light emission waveform of 
the laser beam, a liner velocity and the like. 

At the time of recording, erasing, or rewriting 
information to the optical information recording medium 
of the present invention, by obtaining the recording 
conditional information from the optical information 
recording medium and comparing it with recording 
conditional information of the optical information 
recording apparatus regarding performances including 
recordable linear velocity, the optical information 
recording apparatus can select and set the recording 
condition satisfying a desired optimum condition in 
accordance with its performances. Thus, recording, 
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erasing, or rewriting of information can be efficiently 
realized in an arbitrary combination between an optical 
information recording medium and an optical information 
recording apparatus of the same recording method, and 
compatibility or matching in the arbitrary combination 
between the optical information recording medium and the 
optical information recording apparatus is improved. 

According to a second aspect of the method for 
determining a recording condition of the present invention, 
considering the first aspect, the process further comprises 
the step of performing test recording to the optical 
information recording medium based on parameters of test 
recording, which is also pre-formatted as the a part of the 
recording conditional information, corresponding to the 
selected multipulse pattern so as to determine a light 
emission power of the heating pulse in accordance with 
the result thereof. 

In actual determination of a recording condition, test 
recording for setting an optimum light emission power of 
the laser beam is often performed. Since the parameters 
of the test recording corresponding to each of the 
multipulse patterns are also pre-formatted as recording 
conditional information, by performing a test recording 
process according to a selected multipulse pattern, an 
aliquant light emission power can be determined. 
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In a third aspect of the method for determining a 
recording condition of the present invention, considering 
the first and second aspects, the process further comprises 
the step of performing a test recording onto a test 
recording area of the optical information recording 
medium based on the selected recording conditional 
information so as to make a final determination of a 
desired optimum condition based on the result of 
propriety of signal characteristics of the recorded 
recording mark. 

Since the recording condition is finally determined 
based on a result of an actual test recording, an excellent 
recording, erasing, or rewriting operation can be 
performed. 

In a fourth aspect of the method for determining a 
recording condition of the present invention, considering 
the first to third aspects, the desired optimum condition is 
a condition realizing the highest liner velocity among 
recordable conditions selected based on the result of 
comparing. 

The desired optimum condition is satisfied by a 
condition realizing the highest linear velocity among 
recordable conditions in comparison between the 
pre-formatted recording conditional information and 
recording conditional information of the optical 
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information recording apparatus. To set the desired 
optimum condition as a mode of realizing improved 
compatibility or matching in an arbitrary combination 
between an optical information recording medium and an 
optical information recording apparatus, the recording 
operation at a speed as high as possible is allowed to be 
performed. The present invention can be suitably applied 
to an external memory device or the like of a computer. 

According to a fifth aspect of the method for 
determining a recording condition of the present invention, 
considering the first to third aspects, the desired optimum 
condition is a condition realizing the highest liner velocity 
among recordable conditions selected based on the result 
of comparing, under the condition of using a specific 
multipulse pattern. 

Therefore, information can be recorded at a speed as 
high as possible by also using an existing optical 
information recording apparatus adapted only to one type 
of multipulse pattern (for example, a drive of an old 
generation). Consequently, even a new optical 
information recording medium can be recorded by an 
existing optical information recording apparatus if the 
recordable linear velocity ranges overlap each other. 
Thus, the product life of the optical information recording 
apparatus can be prolonged. 
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According to a sixth aspect of the method for 
determining a recording condition of the present invention, 
considering the first to third aspects, the desired optimum 
condition is any recordable condition selected based on the 
result of comparing, under the condition of using a 
specific liner velocity. 

Consequently, information can be recorded by also 
using an existing optical information recording apparatus 
adapted to only one type of multipulse pattern and one 
linear velocity (for example, an apparatus like a video 
recorder). Therefore, with respect to the optical 
information recording apparatus, one certain type of an 
optical information recording medium can be used for a 
video recorder and a drive, and product life of the optical 
information recording apparatus can be prolonged. 

According to a seventh aspect of the method for 
determining a recording condition of the present invention, 
considering the first to third aspects, the desired optimum 
condition is a condition realizing the highest stability 
among recordable conditions selected based on the result 
of comparing. 

The desired optimum condition is satisfied by a 
condition by which becomes the most stable among 
recordable conditions selected based on the result of 
comparing between the pre-formatted recording 
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conditional information and the recording conditional 
information of the optical information recording apparatus. 
The desired optimum condition therefore enables a quality 
of recording operation as high as possible close to, for 
example, a reproduction speed to be performed as a form 
of improving compatibility or matching in an arbitrary 
combination between an optical information recording 
medium and an optical information recording apparatus. 
The invention can be suitably applied to recording of 
graphic data or the like. 

According to a first aspect of the optical information 
recording apparatus of the present invention, there is 
provided an optical information recording apparatus for 
recording information onto an optical information 
recording medium by irradiating the medium with a laser 
beam in accordance with PWM in which duration of a 
recording mark is expressed by "nT" which is "n" times of 
a basis clock period "T" (n expresses nonnegative integer). 
The first aspect of the optical information recording 
apparatus comprises, a rotating controller configured to 
rotate the optical information recording medium of the 
present invention; a light source configured to irradiate a 
laser beam to the optical information recording medium; a 
light source driver configured to induce an emission of the 
light source; a reader configured to read recording 
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conditional information pre-formatted on the optical 
recording information medium; a comparing mechanism 
configured to compare the read recording conditional 
information of the optical information recording medium 
with recording conditional information of the optical 
recording information apparatus regarding performances 
including recordable liner velocity; a selecting mechanism 
configured to select the recording conditional information 
satisfying a desired optimum condition based on the result 
of comparing by the comparing mechanism; a pulse 
pattern generator configured to generate a multipulse 
pattern used for an emission of the light source, based on 
the selected recording conditional information; an 
emission waveform generator configured to set a recording 
strategy which determines a light emission waveform of 
the laser beam based on the generated multipulse pattern 
by the pulse pattern generator, and to control the light 
source driver by the recording strategy; and velocity 
controller configured to control a relative sweep speed 
between the optical information recording medium rotated 
by the rotation controller and the laser beam irradiated to 
the optical information recording medium based on liner 
velocity information in the recording conditional 
information selected by the selecting mechanism. 

Therefore, at the time of recording, erasing, or 
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rewriting information to an optical information recording 
medium in which parameters of a plurality of multipulse 
patterns in different applied linear velocity ranges and 
information of linear velocities at which information can 
be recorded on the optical information recording medium 
with each of the multipulse patterns is pre-formatted as 
recording conditional information, by obtaining the 
recording conditional information from the optical 
information recording medium and comparing it with 
recording conditional information of the optical 
information recording apparatus regarding performances 
including recordable linear velocity information, the 
apparatus can select and set the recording condition 
satisfying a desired optimum condition in accordance with 
its performances. Thus, recording, erasing, or rewriting 
of information can be maximally performed in an arbitrary 
combination between an optical information recording 
medium and an optical information recording apparatus of 
the same recording method, and compatibility or matching 
in an arbitrary combination between the optical 
information recording medium and the optical information 
recording apparatus is improved. 

According to a second aspect of the optical 
information recording apparatus of the present invention, 
considering the first aspect, the apparatus further 
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comprises a test recording mechanism configured to 
perform a test recording to the optical information 
recording medium of the present invention based on 
parameters of a test recording, which is pre-formatted on 
the optical information recording medium as a part of the 
recording. conditional information, corresponding to a 
multipulse pattern of the selected recording conditional 
information by the selected mechanism, so as to determine 
a light emission power of the heating pulse. 

In actual determination of a recording condition, test 
recording for setting an optimum light emission power of 
the laser beam is often performed. Since the parameters 
of the test recording corresponding to each of the 
multipulse patterns is also pre-formatted as a part of the 
recording conditional information, by performing a test 
recording process according to the selected multipulse 
pattern, an adequate light emission power can be 
determined. 

According to a third aspect of the optical 
information recording apparatus of the present invention, 
considering the first and second aspects, the apparatus 
further comprises a final determination mechanism 
configured to finally determine a desired optimum 
condition based on the result of proprieties of single 
characteristic of the resulted recording mark by the test 
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recording mechanism. 

Since the recording condition is finally determined 
based on a result of an actual test recording, excellent 
recording, erasing, or rewriting operation can be 
performed. 

According to a fourth aspect of the optical 
information recording apparatus of the present invention, 
considering the first to third aspects, the desired optimum 
condition is a condition realizing the highest liner velocity 
among recordable conditions based on the result of 
comparing by the comparing mechanism. 

Therefore, the desired optimum condition is satisfied 
by a condition realizing the highest linear velocity among 
recordable conditions selected based on the result of 
comparing between the recording conditional information 
of the optical information recording medium and the 
recording conditional information of the optical 
information recording apparatus, thereby realizing 
improved compatibility or matching in an arbitrary 
combination between an optical information recording 
medium and an optical information recording apparatus 
and allowing the recording operation to be performed at a 
speed as high as possible. The invention can be suitably 
applied to an external memory device or the like of a 
computer. 
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According to a fifth aspect of the optical information 
recording apparatus of the present invention, considering 
the first to third aspects, the desired optimum condition is 
a condition realizing the highest liner velocity among 
recordable conditions based on the result of comparing by 
the comparing mechanism, under the condition of using a 
specific multipulse pattern. 

Therefore, information can be recorded at a speed as 
high as possible by also using an existing optical 
information recording apparatus adapted only to one type 
of multipulse pattern (for example, a drive of an old 
generation). Consequently, even a new optical 
information recording medium can be recorded by an 
existing optical information recording apparatus if the 
recordable linear velocity ranges overlap each other. 
Thus, the product life of the optical information recording 
apparatus can be prolonged. 

According to a sixth aspect of the optical information 
recording apparatus of the present invention, considering 
the first to third aspects, the desired optimum condition is 
any recordable condition selected based on the result of 
comparing by the comparing mechanism, under the 
condition of using a specific liner velocity. 

Consequently, information can be recorded by also 
using an existing optical information recording apparatus 
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adapted to only one type of multipulse pattern and one 
linear velocity (for example, an apparatus like a video 
recorder). Therefore, with respect to the optical 
information recording apparatus, one kind of an optical 
information recording medium can be used for a video 
recorder and a drive, and product life of the optical 
information recording apparatus can be prolonged. 

According to a seventh aspect of the optical 
information recording apparatus of the present invention, 
considering the first to third aspects, the desired optimum 
condition is a condition realizing the highest stability 
among recordable conditions selected base on the result of 
comparing by the comparing mechanism. 

Therefore, a desired optimum condition is satisfied 
by a condition by which becomes the most stable among 
recordable parameters in comparison between recording 
conditional information of the optical information 
recording medium and recording conditional information 
of the optical information recording apparatus. The 
desired optimum condition therefore enables a recording 
operation of quality as high as possible in a state close to a 
reproduction speed to be performed while improving 
compatibility or matching in an arbitrary combination 
between an optical information recording medium and an 
optical information recording apparatus. The invention 
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can be suitably applied to recording of graphic data or the 
like. 

An information processing apparatus of the present 
invention has an optical information recording apparatus 
of the present invention therein. 

Since the information processing apparatus has the 
optical information recording apparatus therein, recording, 
erasing, or rewriting of information can be maximally 
performed in an arbitrary combination with an optical 
information recording medium of the same recording 
method, and compatibility or matching in an arbitrary 
combination with an optical information recording 
medium is improved. Particularly, by allowing the 
recording operation to be performed as fast as possible, 
the optical information recording apparatus can be 
suitably used as an external memory device of a computer. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a pulse waveform chart showing an 

example of a IT cycle pattern in an embodiment of the 

present invention. 

FIG. 2 is a pulse waveform chart showing another 

example of the IT cycle pattern. 

FIG. 3 is a pulse waveform chart showing an 

example of a 2T cycle pattern where "n" is an even 
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number. 

FIG. 4 is a pulse waveform chart showing an 
example of the 2T cycle pattern where "n" is an odd 
number. 

FIG. 5 is a schematic cross sectional view showing an 
example of principle structure of the optical information 
recording medium of the present invention. 

FIG. 6 is a plan view showing assignment of regions 
of the optical information recording medium of the present 
invention. 

FIG. 7 is a cross sectional view showing an example 
of the structure of the optical information recording 
medium of the present invention. 

FIG. 8 is an explanatory diagram showing a data 
format of a 1ATIP frame. 

FIG. 9 is a schematic block diagram showing an 
example of the configuration of the optical information 
recording apparatus of the present invention. 

FIG. 10 is a schematic flowchart showing an example 
of process from determination of recording conditions to 
recording operation. 

FIG. 11 is a schematic flowchart showing a concrete 
process example. 

FIG. 12 is a perspective view of an appearance 
showing an example of applying the invention to the 
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information processing apparatus of the present invention. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Embodiments of the present invention will be 
described with reference to the drawings. 

The embodiments of the present invention are 
suitably applied to an optical information recording 
process, especially a method for determining a recording 
condition, and an optical information recording apparatus 
(including an optical information reproducing apparatus) 
for an optical information recording medium capable of 
recording, erasing or rewriting information by modulating 
intensity of irradiation light, particularly, a phase-change 
optical information recording medium. 

Information recording on the optical information 
recording medium is carried out by irradiating and 
sweeping an intensity-modulated light beam, thereby 
generating a recording marks. The recording marks are 
formed on a recording layer within the medium, and 
exhibit a different optical property compared with 
non-marked area on the recording layer by irradiation of a 
light. The optical information recording apparatus and 
the optical information reproducing apparatus reproduce 
the information by utilizing the differences of the optical 
properties between the recording marks and the 
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non-marked area. The state of the recording mark varies 
depending on the kind of material of the recording layer. 
In the case where the material of the recording layer is a 
magnetic material, recording marks have a different 
magnetic orientation from the non-marked area. In the 
case of a phase-change material, recording marks have a 
different phase from the non-marked area. In an optical 
information recording medium using a phase-change 
material as a rewritable optical information recording 
medium which is the most common at present, a material 
having a crystalline phase and an amorphous phase is used 
as the material of a recording layer. The materials of the 
phase-change recording layer include an SbTe alloy, a 
GeSbTe alloy, an AglnSbTe alloy, and GaGeSbTe alloy. 
Within the materials of the phase-change recording layer, 
the optical characteristics of the crystalline phase and the 
amorphous phase are significantly different from each 
other, so that information can be recorded by generating a 
mark of the amorphous phase in the crystalline phase. In 
the case where reversible phase transition occurs between 
the crystalline phase and the amorphous phase, a 
rewritable optical information recording medium is 
obtained. 

[Optical information recording process] 

An amorphous phase mark is formed in the 
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crystalline phase by irradiating and weeping condensed 
light to the recording layer or a portion near the recording 
layer. At this time, an intensity-modulated light beam is 
emitted as described above. 

In the optical information recording process of the 
embodiment, information is recorded by a method of 
modulating the length of a recording mark and the length 
of a space between recording marks ( also referred to a 
mark length modulation method hereinafter), which is an 
application of PWM (Pulse Width Modulation) to an 
optical information recording medium. According to the 
optical information recording process, the length of a 
recording mark and the length of a space between the 
marks are controlled on the unit basis of a basic clock 
period "T", thereby enabling information to be recorded. 
One of the distanced features of the optical information 
recording process using the mark length modulation 
method is a higher recording density than that of a mark 
position modulation method which is one of a recording 
methods of an optical information recording medium. 
Moreover, the mark length modulation method is the 
modulation method employed for an optical disc such as 
EFM employed for a CD or a DD (Double Density) CD and 
EFM+ employed for a DVD. In the mark length 
modulation method, it is important to accurately control 
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the recording mark length and the length of a space 
between recording marks (also referred to space length 
hereinafter). According to the mark length modulation 
method, each of the recording mark length and the space 
length has the length equivalent to time duration of "nT" 
("n" expresses nonnegative integer) with respect to the 
basic clock period "T" 

In the case of performing recording in accordance 
with PWM, as a recording pulse used for recording, 
erasing, or rewriting a "0" signal (space), whose duration 
after modulation is nT, continuous light at the power level 
Pe is used. 

Some examples of the pattern of recording pulses at 
the time of recording, erasing, or rewriting a "1" signal 
(recording mark) whose duration after modulation is "nT" 
will be described. FIGs. 1 and 2 show examples of a IT 
cycle pattern adapted to low-speed recording which is a 
multipulse pattern of a laser beam. The pattern is 
constructed by: a front-pulse part "1" at the power level 
Pw for heating pulses with duration xT; a IT cycle 
multipulse part "2" having total (n-n') high-level pulses at 
the power level Pw each with duration yT and low-level 
pulses at the power level Pb for cooling pulses each with 
duration (l-y)T between the high-level pulses; and an 
end-pulse part "3" at the power level Pb with duration zT. 
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"n" and "n' " are positive integers satisfying the relation 
of "n' ^ n", and the power levels satisfy the relation of 
"Pw > Pe > Pb". FIG. 1 shows an example of the case 
where "n = 6" and "n' = 2". FIG. 2 shows an example of 
the case where "n = 6" and "n' = 3". 

Another example of the pattern of a recording pulse 
is a 2T cycle pattern adapted to high-speed recording. As 
shown in FIGs. 3 and 4, deferent patterns are used in 
combination corresponding to each of the time when "n" is 
an odd number and the time when "n" is an even number. 
When "n" is an even number, a pattern is a multipulse 
pattern of a laser beam, which is constructed by: a front 
pulse part "1" at the power level Pw' for heating pulse 
with duration x'T; a multipulse part of 2T cycles "2" 
having total ((n/2)-l) high-level pulses at the power level 
Pw' each with duration y'T and a low-level pulse at the 
power level Pb' for cooling pulse with duration (2-y , )T 
between the high-level pulses; and an end pulse part "3" at 
the power level Pb' with duration z'T. The power levels 
satisfy the relation of "Pw 7 > Pe > Pb' ". When "n" is an 
odd number, a multipulse pattern is used in which the 
multipulse part is a multipulse part of 2T cycles having 
total (((n-l)/2)-l) high-level pulses each with duration y'T 
and a low-level pulse with duration (2-y')T between the 
high-level pulses. FIG. 3 shows an example of the case 
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where "n = 6 (even number)". FIG. 4 shows an example 
of the case where "n = 7 (odd number)". 

Such a 2T cycle pattern is a multipulse pattern 
adapted to high-speed recording created to address a 
problem that when linear velocity of recording using a 
multipulse pattern with a laser beam increases, the basic 
clock frequency becomes high and on/ off time of a laser 
beam source cannot follow the speed. Therefore, those 
multipulse patterns of different types can be applied to 
optical information recording media of the same 
configuration. However, a recordable linear velocity 
range varies. In other words, the IT cycle pattern and the 
2T cycle pattern are the plurality of multipulse patterns in 
different linear velocity ranges. In the multipulse 
patterns of different types, even for optical information 
recording media of the same configuration, not only the 
linear velocity range but also the coefficient (x, x', y, y', z, 
and z' in the above examples) of the optimum pulse width 
at each recording linear velocity and the optimum power 
level (Pw, Pw', Pe, Pb, and Pb in the above examples) vary. 

Therefore, by pre-formatting parameters of both of 
the IT cycle pattern and 2T cycle pattern together with the 
linear velocity ranges as recording conditional information 
onto optical information recording media of the same 
configuration, the recording conditional information can 
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be provided to an optical information recording apparatus 
into which the optical information recording medium is 
loaded and can be used for a method for determining a 
recording condition which will be described later. 
[Optical information recording medium] 

A feature of the embodiment is that recording 
conditional information of at least the IT cycle pattern and 
the 2T cycle pattern, as a plurality of multipulse patterns 
having different applied linear velocity ranges, is 
pre-formatted on an optical information recording 
medium. 

Prior to pre-formatting, a multilayer structure or the 
like of an optical information recording medium "1" 
suitable for the embodiment will be described with 
reference to FIG. 5. As a basic configuration, on a 
transparent substrate "2" having concentric-circle or spiral 
guide grooves, a lower protection layer "3" , a 
phase-change recording layer "4", an upper protection 
layer "5" , a reflection layer "6", and an overcoat layer "7" 
are stacked. Further, a print layer "8" may be provided 
on the overcoat layer "7", and a hard coat layer "9" may be 
provided on a face of the substrate to where light is 
irradiated. 

Such single-plate disk "la" may be bonded to 
another disk, a layer or the like via a bonding layer "10". 
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A disk "lb" to be bonded via the bonding layer "10" may 
be the same single-plate disk or a transparent substrate. 
It is also possible to bond the disk "lb" to the single-plate 
disk "la" via the bonding layer "10" without forming the 
printing layer "8" in the disk "la", and after bonding these 
disks, a printing layer "8' " is formed on a top-surface of 
the disk "lb". 

The material of the substrate "2" is, for example, 
glass, ceramics, a resin, or the like. Of these, the resin is 
preferable from the viewpoints of moldability and cost 
efficiency. Examples of the resin are a polycarbonate 
resin, an acrylic resin, an epoxy resin, a polystyrene resin, 
an acrylonitrile-styrene copolymer resin, polyethylene 
resin, a polypropylene resin, a silicone resin, a fluororesin, 
an ABS resin, a urethane resin, and the like. Among them, 
a polycarbonate resin and an acrylic resin are preferable 
from the viewpoint of excellent moldability, excellent 
optical properties, and cost efficiency. 

As the material of the phase-change recording layer 
"4", a phase-change recording material containing Sb and 
Te, which generates a phase-change between the 
crystalline phase and the amorphous phase and each of 
which can be in a stabilized state or a metastable state, is 
preferable from the viewpoints of excellent recording 
(amorphous) sensitivity and speed, erasing 
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(crystallization) sensitivity and speed, and a desirable 
erasing ratio. By adding an element such as Ga, Ge, Ag, 
In, Bi, C, N, O, Si, or S to the SbTe material, 
recording/erasing sensitivity, signal characteristics, 
reliability, and the like can be improved. It is therefore 
desirable to control the optimum recording linear velocity 
by adjusting the composition ratio of elements or materials 
to be added in order to obtain a target recording linear 
velocity or a target linear velocity range, as well as to 
assure reproduction stability of a recorded signal and the 
life (reliability) of a signal. In the phase-change optical 
information recording medium "1" used in the 
embodiment, the material of the phase-change recording 
layer, which comprehensively satisfies the above-described 
characteristics, includes Ag and/or Ge, Ga and/or In, Sb, 
and Te as constituent elements. It is desirable that the 
composite ratio of the elements, namely (Ag and/or 
Ge)a(Ga and/or In)pSb Y Tes (where cc, (3, Y, and 5 express % 
by atom) satisfies the following relations: 

0 < a < 6 

2 < p < 10 

60 < Y < 85 

15 < 5 < 27 
where a + (3+ y + 8 = 100. 

The material including the elements with above ration is 
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preferable from the viewpoints of high signal reproduction 
stability and a long signal life. 

The film thickness of the phase-change recording 
layer "4" is 10 nm to 50 nm and, and preferably 12 nm to 
30 nm. Furthermore, considering initial characteristics 
such as jitter, overwrite characteristics, and mass 
productivity, the film thickness is more preferably 14 nm 
to 25 nm. When the film thickness is less than 10 nm, 
light absorption capability deteriorates considerably hence 
the role of a recording layer cannot be played. When the 
film thickness is more than 50 nm, a high-speed and 
uniform phase-change do not easily occur. The 
phase-change recording layer // 4 // can be formed by 
various vapor phase epitaxy methods such as vacuum 
evaporation, sputtering, plasma CVD, photo CVD, ion 
plating, and electron beam deposition. Among them, 
sputtering is excellent from the viewpoints of mass 
productivity, film quality, and the like. 

The protection layers "3" and "5" are formed on and 
under the phase-change recording layer // 4 ,/ . Examples of 
the material of the protection layers "3" and "5" are metal 
oxides such as SiO, Si02, ZnO, Sn0 2 , AI2O3, TiC>2, I^Cb, 
MgO, ZrOz and the like; nitrides such as Si 3 N 4 , A1N, TiN, 
BN, ZrN and the like; sulfides such as ZnS, In2S3, TaS 4 and 
the like; carbons and diamond carbons such as SiC, TaC, 
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BC, WC, TiC, ZrC and the like; mixtures thereof, and the 
like. Each of the materials or a mixture of any of the 
materials may be used for the protection layer. As 
necessary, an impurity may be added. The protection 
layer may be a single layer, or a multilayer having two or 
more layers. The melting point of the protection layer is 
higher than that of the phase-change recording layer. 
The protection layers "3" and "5" can be formed by 
various vapor phase epitaxy methods such as vacuum 
evaporation, sputtering, plasma CVD, photo CVD, ion 
plating, and electron beam deposition. Among them, 
sputtering is excellent from the viewpoints of mass 
productivity, film quality, and the like. 

The film thickness of the lower protection layer "3" 
exerts a large influence on reflectance, modulation degree, 
and recording sensitivity. To obtain excellent signal 
characteristics, the thickness of the lower protection layer 
is 60 nm to 120 nm. The thickness of the upper protection 
layer "5" is preferably 5 nm to 45 nm, and more preferably 
7 nm to 40 nm. When the thickness is less than 5 nm, the 
film loses the function of a heat-resistive protection layer 
and recording sensitivity thereof deteriorates. On the 
other hand, when the thickness is more than 45 nm, 
interface peeling tends to occur and repetitive recording 
performance also deteriorates. 
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The reflection layer "6" may be made of a metal 
material such as Al, Au, Ag, Cu, Ta, Ti, or W or an alloy 
containing any of these elements. To improve corrosion 
resistance, thermal conductivity, and the like, an element 
such as Cr, Ti, Si, Cu, Ag, Pd, or Ta may be added to the 
metal material. The addition ratio is suitably 0.3 % by 
atom to 2 % by atom. If the ratio is lower than 0.3 % by 
atom, corrosion resistance is insufficient. If the ratio is 
higher than 2 % by atom, thermal conductivity overly 
decreases hence it becomes difficult to set an amorphous 
state. Such a reflection layer 6 can be formed by various 
vapor phase epitaxy methods such as vacuum evaporation, 
sputtering, plasma CVD, photo CVD, ion plating, and 
electron beam deposition. The film thickness of an alloy 
or metal layer as the reflection layer is set to 50 nm to 200 
nm, and preferably 70 nm to 160 nm. The alloy or metal 
layer may be formed as a multilayer. In the case of 
forming a multilayer, the thickness of each layer has to be 
at least 10 nm. Total thickness of the multilayer is 
preferably 50 nm to 160 nm. 

On the reflection layer "6", for preventing the 
reflection layer "6" from being oxidized, the overcoat layer 
"7" is formed. The overcoat layer "7" is generally formed 
of an ultraviolet curing resin by spin coating. The 
preferable thickness of the overcoat layer "7" is 3 M^m to 15 
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I^m. When the thickness is less than 3 |im, in the case of 
providing the printing layer "8" on the overcoat layer "7", 
increase in error may be recognized. On the other hand, 
when the thickness is more than 15 M-rn, internal stress may 
increase and it may exert a large influence on the 
mechanical characteristics of the disk. 

The hard coat layer "9" is generally formed of an 
ultraviolet curing resin by spin coating. The preferable 
thickness of the hard coat layer "9" is 2 [On to 6 H-m. If 
the thickness is less than 2 M-m, sufficient scratch-proof 
property cannot be obtained. On the other hand, if the 
thickness is more than 6 l^m, internal stress may increase 
and it may exert a large influence on the mechanical 
characteristics of the disk. The preferable hardness 
thereof may be "H" or harder, in terms of the pencil 
hardness, at which a large scratch will not be made even 
the hard coat layer is scrubbed with cloth. It is also 
effective to mix a conductive material as necessary to 
prevent charging and adhesion of dusts and the like. 

The printing layer "8" is provided to assure 
scratch-proof property, print a label such as a brand name, 
form an ink reception layer for an ink jet printer, and the 
like. Generally, the printing layer "8" is formed of an 
ultraviolet curing resin by screen printing. The 
preferable thickness of the printing layer "8" is 3 (im to 50 
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Mm. When the thickness is less than 3 Mm, unevenness 
may occur at the time of forming the layer. On the other 
hand, when the thickness is more than 50 Mm, internal 
stress may increase and it may exert a large influence on 
the mechanical characteristics of the disk. 

As the bonding layer "10" , an adhesive such as an 
ultraviolet curing resin, a hot melt adhesive, a silicone 
adhesive or the like can be used. The material of the 
bonding layer "10" is applied on the overcoat layer "7" or 
printing layer "8" by spin coating, roll coating, screen 
printing, or the like depending on the material. By 
performing ultraviolet irradiation, heating, pressuring, or 
the like, the bonding layer "10" is activated and than 
bonded with the disk "lb". The disk "lb" may be the 
same single-plate disk to the disk "la" or just a 
transparent substrate. On the bonding face of the disk 
"lb" towards the desk "la" , the material of the bonding 
layer "10" may be applied, or may not be applied. As the 
bonding layer "10" , a pressure sensitive adhesive sheet 
may also be employed. The preferable thickness of the 
bonding layer "10" is, although not particularly limited, 5 
Mm to 100 Mm in consideration of applicability and 
hardenability of the material, and mechanical properties of 
the disk. The region of the bonding face is not 
particularly limited. In application to a DVD and/or CD 
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compatible optical information recording medium, in order 
to assure bonding strength, the position of the inner radius 
of the bonding face is within a range of 15 mm to 40 mm 
radius of the center, and preferably within a range of 15 
mm to 30 mm radius of the center. 

Pre-f ormatting of the recording conditional 
information will now be described. As the pre-formatting, 
an arbitrary method can be used from a pre-pit method, a 
wobble encoding method, and a formatting method. The 
pre-pit method is a method of pre-formatting information 
of recording conditions by using a ROM pit in an arbitrary 
area on an optical information recording medium. At the 
time of forming a substrate, ROM pits are formed, so that 
mass productivity is excellent. In addition, since ROM 
pits are used, it is advantageous from the viewpoints of 
reproduction reliability and a recordable amount of 
information. However, the technique of forming ROM 
pits (that is, hybrid technique) has many problems and it is 
difficult to achieve pre-formatting technique with pre-pits 
of RW media. 

The formatting method is a method to record 
information by using the same method to normal recording 
which employs an optical information recording apparatus. 
In this method, however, information is formatted after an 
optical information recording medium is manufactured, 
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therefore it is unsuitable from the viewpoint of mass 
productivity. Further, pre-formatted information can be 
rewritten in this method, so that the formatting method is 
not suitable as a method of recording characteristic 
information of a medium. 

The wobble encoding method is a method actually 
employed for CD-RW and DVD+RW. This method uses 
the technique of encoding address information of an 
optical information recording medium into a wobble of a 
groove (guide groove on the medium). As the encoding 
method, frequency modulation as used in ATIP of CD-RW 
or phase modulation as used in DVD+RW may be 
employed. The wobble encoding method has an 
advantage of excellent productivity since wobbles are 
formed on a wafer together with address information at 
the time of forming the wafer of an optical information 
recording medium and has an advantage of easy formation 
of the wafer since it is unnecessary to form special ROM 
pits unlike the pre-pit method. 

An example of pre-formatting parameters regarding 
a recording strategy will now be described with respect to 
an example of a CD-RW. Each of FIGs. 6 and 7 shows a 
format example of regions in the optical information 
recording medium "1" of the CD-RW specification. In the 
disc-shaped optical information recording medium "1", a 
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groove formation area "20" in which grooves are formed, 
is divided into an inner-radius unassigned area "12" , a test 
recording area "13" , a lead-in area "14", an information 
recording area "15", a lead-out area "16", and an 
outer-radius unassigned area "17", in this order and in the 
radial direction from the inner side to the outer side. 

In the case of the optical information recording 
medium "1" as such a CD-RW,pre-formatted media 
information is ATIP (Absolute Time In Pre-groove) extra 
information. The ATIP extra information uses ATIP 
indicative of address information. ATIP is the address 
information pre-formatted on a CD-RW disc. As disks, 
especially CDs, are originally designed for a music 
information recording medium, an address is expressed as 
time information of "M : S : F". "M" refers to minutes 
and can be expressed in the range from 00 to 99 in 
specification. "S" refers to seconds and can be expressed 
in the range from 00 to 59. "F" refers to a frame and can 
be expressed in the range from 00 to 74. 1 minute 
corresponds to 60 seconds and 1 second corresponds to 75 
frames. Since each of M, S, and F carries information of 8 
bits, the information amount of one AITP frame is 24 bits. 
Although a value in the range from 0 to 255 can be given to 
each of M, S, and F, the values only in the above-described 
ranges are used in practice. Consequently, by using 
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unused bits, information other than an address can be 
added. The "ATIP extra information" utilizes the 
method. 

The data format of one ATIP frame consists of 
information of 42 bits as shown in FIG. 8. The first four 
bits "1" is called a sync field which is a part indicative of 
start of the frame. The sync field is constructed by a 
special pattern called a sync pattern so that an information 
recording apparatus recognizes the sync field as the start 
of a frame at the time of reproducing ATIP. 24 bits from 
the fifth bit to the 28th bit following the sync field, // 2 // , 
denote an address field. The 24 bits are divided into 
three parts each consisting of 8 bits. The part from "Ml" 
to "M8" expresses M (minutes) of address information, the 
part from "SI" to "S8" expresses S (seconds) of the address 
information, and the part from "Fl" to "F8" denotes F 
(frame) of the address information. 14 bits from the 29th 
bit to the 42nd bit following the address field "3" are a 
field called "CIRC remainder". It corresponds to an error 
correction code using CIRC (Cross-Interleaved Reed 
Solomon Code). 

In the CD-RW standard specification, by 
combinations of "Ml", "SI", and "Fl" in the address 
information, data in the address field is classified into the 
following seven types. 
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(M1,S1,F1) = 


(0,0,0) 


or (1,0,0) : normal address 


(M1,S1,F1) = 


(1,0,1) 


: special information 1 


(M1,S1,F1) = 


(1,1,0) 


: special information 2 


(M1,S1,F1) = 


(1,1,1) 


: special information 3 


(M1,S1,F1) = 


(0,0,1) 


: additional information 1 


(M1,S1,F1) = 


(0,1,0) 


: additional information 2 


(M1,S1,F1) = 


(0,1,1) 


: additional information 3 



Among the information listed above, information 
other than the normal address is ATIP extra information. 
As the ATIP extra information, characteristic information 
of a disk (optical information recording medium) is given. 
Examples of the characteristic information of a disk 
(optical information recording medium) are information 
regarding the type of a disk (optical information recording 
medium), recording conditions (parameters for setting a 
recording power and an optimum recording power and 
parameters specifying a recording strategy), and the like. 

The ATIP extra information is set in the lead-in area 
"4" on the optical information recording medium "1". 
One frame of the ATIP extra information is generally 
added following to nine frames of a normal address. 
That is, to reproduce six types of ATIP extra information, 
the lead-in area // 4 // of at least 60 frames has to be 
reproduced. 

As parameters specifying a multipulse pattern 
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(recording strategy) in the information recording process 
of the embodiment, with respect to two types of multipulse 
patterns of the IT cycle pattern as shown in FIG. 1 and the 
2T cycle pattern as shown in FIGs. 3 and 4, information is 
pre-formatted in the optical information medium "1". 
The information includes information of the coefficients x 
or x', y or y', and z or z' regarding the optimum pulse 
width at each recording linear velocity and the optimum 
bias power Pb or Pb' for specifying the optimum power 
level and information regarding linear velocity at which 
information can be recorded on the optical information 
recording medium "1" with each multipulse pattern 
(minimum linear velocity to maximum linear velocity, that 
is, recording linear velocity information) is pre-formatted 
on the optical information recording medium "1" . The 
information is set, for example, as additional information 1 
in the ATIP extra information. 

As parameters regarding recording conditions for 
performing excellent recording, other than the linear 
velocity at which information can be recorded and the 
optimum pulse width of a multipulse pattern, there is also 
parameters of a test recording (OPC: Optimum Power 
Control) for determining the optimum power level Pw or 
Pw'. Concrete techniques of the OPC are disclosed in, for 
example, Japanese Patent (JP-B) Nos. 3081551 and 3124721. 
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In the case of using techniques disclosed in the 
publications, when a gradient obtained by specifying the 
variation in a recording signal amplitude (modulation 
degree) "m" by the recording power "Pw" is set as "g(P)"/ 
a specific value "S" as the value of the gradient "g(P)" in 
the case of the recording power "Ps", a coefficient "R" to 
be multiplied by "Ps" to calculate the optimum recording 
power, a power level ratio "E" (= Pe/Pw(Pw / )) / a specific 
recording power "Pwi" which is referred to when test 
recording is performed while changing the power range of 
about ± 20% around the specific recording power as a 
center, and the like have to be set. In the embodiment, 
those parameters regarding the test recording are also 
pre-formatted. 

Since those parameters are set for each of 
combinations of the recording conditions of the type of 
each multipulse patterns, recording linear velocity, and 
the like, in the case of dealing with all of multipulse 
patterns, the variations of parameters regarding the 
required recording conditions becomes numerous. 
However, as in the embodiment, by limiting the multipulse 
patterns in different linear velocity ranges to, for example, 
the IT cycle pattern including the portion of the IT cycles 
and the 2T cycle pattern including the portion of the 2T 
cycles, the variations of parameters can be decreased. 
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Therefore, in the case of pre-formatting and recording the 
parameters onto the optical information recording medium 
"1", an amount of information to be read by the optical 
information recording apparatus can be reduced. 

In the wobble encoding method, the absolute 
information amount tends to be smaller than that in the 
other encoding methods. Usually, a wobble frequency 
utilized for encoding information is set in a frequency 
bandwidth where mutual interference does not occur with 
the frequency of recording information. The wobble 
frequency is preferably 1/30 or less, and more preferably 
1/100 or less relative to the frequency of recording 
information. Further, when the frequency modulation is 
used as the modulation method, information density 
deteriorates more. In the case of using redundancy of 
address information, the information density deteriorates 
further. 

When the capacity of information with respect to 
information to be recorded becomes insufficient, a new 
region may be provided. In the case of a CD-RW, ATIP 
extra information is encoded in the lead-in area "14". If 
the information amount in the area is insufficient, 
information may be encoded in the unassigned area "12" 
or "17" in the disk inner or outer radius portion. 
Examples of the unassigned areas "12" and "17" are a 
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portion on the inner radius side of a PCA (Power 
Calibration Area, that is, test recording area) and a portion 
on the outer radius side of the lead-out area "6". 

Further, information may be pre-formatted in a part 
of the information recording area "15" . According to the 
method, even on an existing optical information recording 
medium, the recording conditional information can be 
pre-formatted at an arbitrary time point. 

Alternately, by writing the information as code 
information like a bar code or a two-dimensional code in a 
part of the surface of the optical information recording 
medium "1", the information may be pre-formatted. 
According to the method, the recording conditional 
information can be pre-formatted even on an existing 
optical information recording medium by attaching the 
code information later. However, a bar code scanner or 
the like is necessary to read the pre-formatted information. 

As a parameter to be encoded, a value obtained by 
converting a real number to a binary number may be 
encoded or information converted by using a conversion 
table may be encoded. In any of the methods, however, 
the optical information recording apparatus needs means 
capable of decoding the encoded information and setting a 
recording strategy correctly. 

In any of the cases, a pre-formatting method is 
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suitably selected in accordance with the number of 
parameters necessary as information regarding recording 
conditions, frequency of changes, the level of difficulty as 
a method of fabricating the optical information recording 
medium "1", and the like. Among the methods, the 
method of inputting information by modulating wobbles in 
a guide groove is desirable since formation of the wafer of 
the optical information recording medium "1" is relatively 
easy. 

[Optical information recording apparatus] 

An example of the configuration of an optical 
information recording apparatus for realizing the 
above-described information recording process based on 
the recording condition (recording strategy) will now be 
described with reference to FIG. 9. 

First, for the optical information recording medium 
"1", a rotation controller "22" including a spindle motor 
"21" for rotating the optical information recording 
medium "1" is provided, and an optical head "24" having 
an objective lens for condensing a laser beam onto the 
optical information recording medium "1" and a laser 
beam source such as a semiconductor laser (LD (Laser 
Diode)) "23" is provided so as to freely seek in the disk 
radial direction. To an apparatus for driving the 
objective lens of the optical head "24" and an output 
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system, an actuator "25" is connected. To the actuator 
"25", a wobble detector "27" including a programmable 
BPF "26" is connected. To the wobble detector "27", an 
address demodulation circuit "28" for demodulating an 
address from a wobble signal detected is connected. To 
the address demodulation circuit "28", a recording clock 
generator "30" including a PLL synthesizer "29" is 
connected. To the PLL synthesizer "29", a drive 
controller "31" as a speed controller is connected. 

To the drive controller "31" connected to a system 
controller "32", the rotation controller "22", the actuator 
"25", the wobble detector "27", and the address 
demodulation circuit "28" are also connected. 

The system controller "32" is of a so-called 
microcomputer configuration including a CPU, and has a 
ROM "33" including a conversion table "33a" for 
converting encoded data. To the system controller "32", 
an EFM encoder "34", a mark length counter "35", and a 
pulse number controller "36" are connected. To the EFM 
encoder "34", mark length counter "35", pulse number 
controller "36", and system controller "32", a recording 
pulse pattern controller "37" as light waveform control 
means is connected. The recording pulse pattern 
controller "37" includes a multipulse generator "38" for 
generating a multipulse (heating pulse and cooling pulse) 
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specified by the recording strategy, an edge selector "39", 
and a pulse edge generator "40". 

To the output side of the recording pulse pattern 
controller "37", an LD driver "42" as light source driver 
for driving the semiconductor laser (LD) "23" in the 
optical head "24" by switching a driving current source 
"41" of each of the recording power "Pw", erasing power 
"Pe", and bias power "Pb" is connected. 

In such a configuration, basically, to record or 
rewrite information on the optical information recording 
medium "1", the revolution of the spindle motor "21" is 
controlled by the rotation controller "22" under control of 
the drive controller "31" so that the recording linear 
velocity corresponds to the target recording speed. After 
that, an address is demodulated from a wobble signal 
detected and separated from a push pull signal obtained 
from the optical head "24" by the programmable BPF "26", 
and a recording channel clock is generated by the PLL 
synthesizer "29", To generate a recording pulse pattern 
by the semiconductor laser (LD) "23", the recording 
channel clock and EFM data as recording information is 
input to the recording pulse pattern controller "37". A 
multipulse pattern according to the recording strategy as 
shown in FIGs. 1, 3, and 4 is generated by the multipulse 
generator "38" disposed in the recording pulse pattern 
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controller "37" . By switching the drive current 
source "41" which is set to generate the power Pw, Pe, or 
Pb by the LD driver "42", an LD waveform according to 
the recording pulse pattern can be obtained. 

In the embodiment, the multi-stage pulse edge 
generator "40" having resolution of 1/20 of the recording 
channel clock period is disposed in the recording pulse 
pattern controller "37". By an edge pulse input to the 
edge selector (multiplexer) "39" and then selected by the 
system controller "32", a rising edge control signal for the 
front pulse portion or the like is generated. A multistage 
delay circuit for the pulse edge generator "40" can be 
constructed by a high-resolution gate delay device, a ring 
oscillator, and a PLL circuit. 

By using the rising edge control signal for the front 
pulse generated as described above as a reference, a 
multipulse pattern synchronized with the reference clock 
cycle T is generated on the basis of x or x', y or y', z or z', 
and the like. 

In the recording pulse pattern controller "37" having 
the configuration as in the embodiment, the mark length 
counter "35" for measuring the mark length of an EFM 
signal obtained from the EFM encoder "34" is disposed. 
In the case of using a 2T cycle pattern as a recording 
strategy, a multipulse is generated via the pulse number 



56 



controller "36" so that a set of pulses (an on-pulse at the 
power Pw and an off-pulse at the power Pb) is generated 
each time the mark count value increases by 2T. The 
operation can be performed by selecting the rear edge of a 
pulse for the front pulse part by the edge selector "39", 
selecting the front edge of the subsequent multipulse by an 
edge pulse generated from the next recording channel 
clock cycle, and selecting the rear edge of the multipulse 
by a pulse edge generated from the following recording 
channel clock cycle. 

In the configuration of another multipulse generator, 
in the case of using a 2T cycle pattern as a recording 
strategy, a recording frequency-divided clock obtained by 
dividing the frequency of a recording channel clock by two 
is generated. An edge pulse is generated by using a 
multistage delay circuit and the front and rear edges are 
selected by an edge selector, thereby enabling a set of 
pulses (a heating pulse at the power Pw and a cooling 
pulse at the power Pb) to be generated each time the 
recording channel clock increases by 2T. In the case of 
this configuration, the substantial operation frequency of 
the multipulse generator becomes 1/2, and a higher-speed 
recording operation can be performed. 

The optical information recording apparatus of the 
present invention comprises a rotation controller, a light 
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source, a light source driver, a reader, a comparing 
mechanism, a selecting mechanism, a pulse pattern 
generator, an emission waveform controller, and a speed 
controller. The rotation controller corresponds to the 
rotation controller "72." , the light source corresponds to 
the semiconductor laser (LD) "23" , the light source driver 
corresponds to the LD driver "42", the reader corresponds 
to the optical head "24", the comparing mechanism 
corresponds to the system controller "32", the selecting 
mechanism corresponds to the system controller "32", the 
pulse pattern generator corresponds to the recording pulse 
generator "37", the emission waveform controller 
corresponds to the LD driver "42", and the speed 
controller corresponds to the drive controller "31", of the 
above described embodiment of FIG. 9. 
[Method for determining recording condition] 

An example of the method for determining recording 
condition of the present invention will now be described 
with reference to FIG. 9. 

An optical information recording apparatus of the 
embodiment adapted to the RW optical information 
recording medium "1" reproduces the ATIP extra 
information in operation of recording data onto the optical 
information recording medium "1" (also including an 
operation of mounting the medium). Specifically, the 
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optical information recording apparatus adapted to the 
RW optical information recording medium "1" is requested 
to be able to reproduce "additional information 1" and to 
have a conversion table for converting a bit to a real 
number. The optical information recording apparatus 
reproduces the "additional information 1" and obtains the 
value of each bit from the optical information recording 
medium "1". With reference to the conversion table 
"33a" on the basis of the bit information, the real number 
of the parameter can be obtained. On the basis of the real 
number values of the parameters, the optical information 
recording apparatus can set an optimum recording 
strategy (recording condition) in an arbitrary combination 
between the optical information recording apparatus and 
an arbitrary optical information recording medium "1". 

The method for determining a recording condition of 
the present invention has the following steps, prior to a 
step of recording information on the optical information 
recording medium "1" which is loaded in the optical 
information recording apparatus, in this embodiment: 
reading conditional information of each of multipulse 
patterns pre-formatted on the optical recording medium 
"1"; comparing the read-out recording conditional 
information with the recording conditional information of 
the optical information recording apparatus regarding 
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performances including recordable linear velocities; 
selecting a recording conditional information satisfying a 
desired optimum condition based on the result of 
comparing; and generating a multipulse pattern to be used 
for emitting a laser beam based on the selected recording 
condition. 

The desired optimum conditions include: 

(1) a condition realizing the highest liner velocity among 
recordable conditions selected based on the result of 
comparing the recording conditional information of the 
optical information recording medium "1" and the 
recording conditional information of the optical 
information recording apparatus; 

(2) a condition realizing the highest liner velocity among 
recordable conditions selected based on the result of 
comparing the recording conditional information of the 
optical information recording medium "1" and the 
recording conditional information of the optical 
information recording apparatus, under the condition of 
using a specific multipulse pattern; 

(3) any recordable condition selected based on the result 
of comparing the recording conditional information of the 
optical information recording medium "1" and the 
recording conditional information of the optical 
information recording apparatus, under the condition of 
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using a specific liner velocity; and 

(4) a condition realizing the highest stability among 
recordable condition selected based on the result of 
comparing the recording conditional information of the 
optical information recording medium "1" and the 
recording conditional information of the optical 
information recording apparatus. 

An outline of the method for determining a 
recording condition and the procedure to the recording 
operation will be described with reference to the schematic 
flowchart shown in FIG. 10. The process is executed by, 
for example, the system controller "32" in the optical 
information recording apparatus. First, whether the 
optical information recording medium "1" is inserted to 
the optical information recording apparatus or not, is 
checked (step SI). When the optical information 
recording medium "1" is inserted (Y in SI), prior to 
recording operation, the recording conditional information 
of each of multipulse patterns pre-formatted on the 
medium "1" is reproduced with the optical head "24" (S2). 
Specifically, the address in which the recording 
conditional information is recorded is accessed and the 
pre-formatted information is reproduced. The process of 
step "S2" is executed as a step of reading or the function of 
the reader. After the reading, the recording conditional 
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information of the optical information recording apparatus 
itself regarding performance including the recordable 
linear velocities is called (S3). The reproduced recording 
conditional information of the optical information 
recording medium "1" is compared with that of the optical 
information recording apparatus (S4). On the basis of a 
result of the comparison, a recording conditional 
information satisfying a desired optimum condition which 
is preselected as mentioned above, is selected (S5). That 
is, the multipulse pattern and the recording linear velocity 
satisfying the desired optimum parameter are determined. 
The process of step "S4" is executed as a step of comparing 
or the function of the comparing mechanism. The process 
of step "S5" is executed as a step of selecting or the 
function of the selecting mechanism. 

A recording strategy is generated and set so as to 
generate the optimum multipulse pattern on the basis of 
the pre-formatted information (parameters) corresponding 
to the selected multipulse pattern (S6). As necessary, 
each parameter is converted, for example, from bit 
information to real-number information by using the 
conversion table "33a" . The process of step "S6" is 
executed as a step of generating or the function of the 
pulse pattern generator. After that, as necessary, an 
optimum recording power setting process is performed 
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(S7). To be specific, the process is test recording which is 
performed to verify the adequacy of the set recording 
strategy and to set the optimum recording power. As an 
example of the test recording, OPC employed in a 
CD-R/RW and DVD+RW/R may also be used. For the 
OPC operation, it is sufficient to use pre-formatted 
information. The process of step "S7" is executed as the 
function of test recording mechanism. Since the 
recording conditions (recording linear velocity and the 
recording strategy) are determined by the processes, by 
controlling the LD driver "42" and the drive controller 
"31" in accordance with the recording strategy (multipulse 
pattern) and the recording linear velocity which are set as 
described above, the recording operation is actually 
executed (S8). 

It is also possible to add a step of final 
determination or a function of final determination 
mechanism for performing test-recording on a test 
recording area in the optical information recording 
medium "1" with the selected recording conditions and, 
based on the result of adequacy of signal characteristics of 
a recording mark recorded, finally determining whether 
the recording condition is employed or not. 

A concrete example of the method for determining a 
recording condition will be described with reference to 
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FIG. 11. The following case will be assumed. A 
DVD-compatible phase-change optical information 
recording medium C is fabricated, and the phase-change 
optical information recording medium C has recording 
conditional information including two types of multipulse 
patterns which are a IT cycle pattern A including the part 
of IT cycles as shown in FIG. 1 and a 2T cycle pattern B 
including the part of 2T cycles as shown in FIGs. 3 and 4, 
pre-formatted therein. The recording conditional 
information is read from the phase-change optical 
information recording medium C. A recording condition 
is selected (determined) based on the result of comparing 
the recordable parameter of the phase-change optical 
information recording medium C and recording 
conditional information of the optical information 
recording apparatus itself regarding performance 
including recordable linear velocity information. 
Recording, erasing, or rewriting is executed by using an 
optical information recording apparatus D for DVD 
recording, which performs recording, erasing, or rewriting 
on the phase-change optical information recording 
medium C. 

It is assumed that recording conditional information 
pre-formatted on the phase-change optical information 
recording medium C is set as follows. In the IT cycle 
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pattern A, the lowest recording linear velocity is set to 3.5 
m/ s (corresponding to lx in reproduction of a DVD-ROM) 
and the highest recording linear velocity is set to 14.0 m/s 
(corresponding to 4x in reproduction of a DVD-ROM). In 
the 2T cycle pattern B, the lowest recording linear velocity 
is set to 7.0 m/s (corresponding to 2x in reproduction of a 
DVD-ROM) and the highest recording linear velocity is set 
to 21.0 m/s (corresponding to 6x in reproduction of a 
DVD-ROM). As OPC parameters for determining 
coefficients x, x', y, y' , z, and z' of a pulse width at the 
lowest and highest recording linear velocities, pulse power 
levels Pb and Pb', and power levels Pw, Pw', and Pe, a 
specific value S, a coefficient R for calculating the 
optimum recording power by being multiplied with Ps, 
power level ratio E (= Pe/Pw(Pw')), and a specific power 
Pwi which is referred to when test recording is performed 
while shifting a power range of about ± 20% of a specific 
power are set. As the parameters in this case, for 
example, parameters shown in Table 1 to be described later 
in an example are used. 

As information of recordable recording conditions of 
the optical information recording apparatus D, it is 
assumed that a recordable linear velocity range from 3.5 to 
10.5 m/ s (corresponding to lx to 3x of reproduction of a 
DVD-ROM) is set in the IT cycle pattern A and a 
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recordable linear velocity range from 3.5 m/ s to 21.0 m/s 
(corresponding to lx to 6x of reproduction of a DVD-ROM) 
is set in the 2T cycle pattern B. 

The case where a condition of executing recording at 
a speed as high as possible is selected according to (1) is 
set as a desired optimum condition for selecting a 
recording method is assumed. 

In a recording operation, first, when the optical 
information recording medium C is inserted into the 
optical information recording apparatus D, an operation of 
reading the recording conditional information which is 
pre-formatted on the optical information recording 
medium C is performed by the optical information 
recording apparatus D (S2). In the optical recording 
medium C, in the IT cycle pattern A, the lowest recording 
linear velocity is 3.5 m/s and the highest recording linear 
velocity is 14.0 m/s. In the 2T cycle pattern B, the lowest 
recording linear velocity is 7.0 m/s and the highest 
recording linear velocity is 21.0 m/s. Consequently, it is 
recognized by the optical information recording apparatus 
D that the recordable linear velocity range of the optical 
information recording medium C is from 3.5 m/ s to 14,0 
m/ s in the IT cycle pattern and from 7.0 m/ s to 21.0 m/ s 
in the 2T cycle pattern. 

After that, the read recording conditional 
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information of the optical information recording medium 
C is collated with that of the optical information recording 
apparatus D (S4). It is determined from the collated 
recording conditional information that, in the combination 
of the optical information recording medium C and the 
optical information recording apparatus D, the recordable 
linear velocity range is from 3.5 m/s to 10.5 m/s in the IT 
cycle pattern A and is from 7.0 m/s to 21.0 m/s in the 2T 
cycle pattern B. In the example, the case of selecting the 
parameters for executing recording at a speed as high as 
possible is assumed. Therefore, the parameter for 
performing recording at the linear velocity of 21.0 m/s by 
using the 2T cycle pattern B as the parameter of the 
highest recording linear velocity in the collated recording 
conditions is selected and set as the recording condition 

(S5). 

Subsequently, coefficients x', y' , and z' of the pulse 
width, the power level Pb', and OPC parameters S, R, E, 
and Pwi at the recording linear velocity of 21.0 m/ s in the 
2T cycle pattern B as the selected recording conditions are 
obtained, OPC is executed by using the parameters, and 
the power levels Pw' and Pe are determined (S6 and S7). 

Finally, actually necessary data is recorded by using 
the recording conditions determined by the procedure (S8). 

According to the method for determining a recording 
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condition, by adjusting the setting range of recording 
conditions of the optical information recording apparatus 
and the method of selecting the recording method, 
recording in a wider range can be achieved. 
Consequently, both of, as optical information recording 
apparatuses, a drive handling computer data and having 
priority on performing recording at speed as high as 
possible and a video recorder for recording video data at a 
speed close to reproduction speed can easily handle the 
common optical information recording medium "1" . 

In an optical information recording apparatus of the 
same specifications, recording can be performed at a lower 
power level in the case of using the 2T cycle pattern B as 
compared with the case of using the IT cycle pattern A. 
When the absolute time of pulse widths is the same, the 
duty ratio in the 2T cycle pattern B is the half of the duty 
ratio in the IT cycle pattern A. The minimum time of the 
pulse width can be therefore set to the half of that of the 
IT cycle pattern A with respect to the duty ratio, so that 
the multipulse pattern selection range is widened. 

Therefore, in optical information recording 
apparatuses (optical pickups) having the same 
specifications with respect to the upper limit of the power 
level of the multipulse pattern and the minimum time of 
the pulse width, recording can be performed to a 
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high-speed range by the 2T cycle pattern B, which is 
difficult to be achieved by the IT cycle pattern A. 

Consequently, as compared with an optical 
information recording apparatus having only the IT cycle 
pattern A, an optical information recording apparatus 
having both the IT cycle pattern and the 2T cycle pattern 
can perform recording at linear velocities of a wider range, 
so that the product life of the optical information 
recording apparatus can be increased. Even the optical 
information recording apparatus having only the 
multipulse pattern of the IT cycle pattern A has the 
possibility to be adapted to high-speed recording by being 
assembled to a laser driving circuit capable of emitting 
light in the 2T cycle pattern B without changing the optical 
pickup configuration. Thus, the optical information 
recording apparatus can be recycled. 
[Application Examples] 

The optical information recording apparatus of the 
embodiment can be applied not only as a single video 
recorder for recording graphic data at a speed close to a 
reproduction speed, but also as an optical information 
processing apparatus such as a personal computer "51" as 
shown in FIG. 12. The personal computer "51" has a 3.5 
FD drive "52" and an optical information recording 
apparatus "53" having the above-described configuration 
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as a CD/DVD-RW drive. 

Since the personal computer "51" has therein the 
optical information recording apparatus "53" integrally as 
described above, recording, erasing, or rewriting of 
information can be maximally performed in an arbitrary 
combination with the optical information recording 
medium "1" of the same recording method. The 
compatibility or matching in an arbitrary combination with 
the optical information recording medium "1" is improved. 
Particularly, by allowing the recording operation to be 
performed at a speed as high as possible, the optical 
information recording apparatus "53" can be suitably used 
as an external memory device of the computer. 
Example 1 

A DVD-compatible phase-change optical information 
recording medium C on which two types of multipulse 
patterns are pre-formatted was manufactured. The 
multipulse patterns are: the IT cycle pattern A as shown in 
FIG. 1 including a part of IT cycles in which the lowest 
recording linear velocity is 3.5 m/s (corresponding to lx of 
reproduction of a DVD-ROM) and the highest recording 
linear velocity is 14.0 m/s (corresponding to 4x of 
reproduction of a DVD-ROM); and the 2T cycle pattern B 
as shown in FIGs. 3 and 4 including a part of 2T cycles in 
which the lowest recording linear velocity is 7.0 m/s 
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(corresponding to 2x of reproduction of a DVD-ROM) and 
the highest recording linear velocity is 21.0 m/s 
(corresponding to 6x of reproduction of a DVD-ROM). 
Table 1 shows an example of information of pulse width, 
power level, and parameters of OPC (test recording) in the 
case of each of the multipulse patterns A and B. 
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The optical information recording medium C was 
inserted into an optical information recording apparatus D 
for DVD recording (a test drive manufactured by Ricoh 
Company, Ltd.) in which the recordable linear velocity 
range is from 3.5 m/s to 10.5 m/s (corresponding to lx to 
3x of reproduction of a DVD-ROM) in the IT cycle pattern 
A and is from 3.5 m/ s to 21.0 m/ s (corresponding to lx to 
6x of reproduction of a DVD-ROM) in the 2T cycle pattern 
B 7 and it is set to select recording condition in which the 
recording is performed at a speed as high as possible, as 
the desired optimum condition. When DVD-reproducible 
contents data was recorded, the 2T cycle pattern B was 
selected as the recording pulse pattern and 21.0 m/ s was 
selected as recording linear velocity. As parameters of 
the pulse pattern, coefficients of the pulse width were set 
as x' = 1.65 and z' = 0.65 for 3T, x' = 1.30, y' = 1.15, and z' 
= 0.55 for odd-numbered T other than 3T, and x' = 1.20, y' 
= 1.15, and z' = 0.35 for even-numbered T. Power level 
Pb' = 0.1 mW. OPC parameters were set as S = 1.55, R = 
1.14, E = 0.47, and Pwi = 17.0 mW. When OPC was 
performed with the parameters, power levels of Pw' = 18.9 
mW and Pe = 8,9 mW were set, and recording was 
conducted at the set power levels. 

Table 2 shows the result of characteristic evaluations 
made on the recorded part by a DVD 
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recording/reproduction evaluation apparatus (DDU-1000 

manufactured by Pulstec Industrial Co., Ltd.). The jitter 

(data to clock jitter) was less than 9% and the modulation 

degree was higher than 0.6. It is found that recording 

was conducted with good recording characteristics. 

When the contents data recorded on the optical 

information recording medium C was read by a DVD-ROM 

reproducing apparatus (MP9120A manufactured by Ricoh 

Company, Ltd.), the data was successfully read without 
causing a read error. 
Example 2 

A CD-compatible phase-change optical information 
recording medium G on which two types of multipulse 
patterns are pre-formatted was manufactured. The 
multipulse patterns are: the IT cycle pattern A as shown in 
FIG. 1 including a part of IT cycles in which the lowest 
recording linear velocity is 9.6 m/s (corresponding to 8x of 
reproduction of a CD-ROM) and the highest recording 
linear velocity is 19.2 m/s (corresponding to 16x of 
reproduction of a CD-ROM); and the 2T cycle pattern B as 
shown in FIGs. 3 and 4 including a part of 2T cycles in 
which the lowest recording linear velocity is 9.6 m/ s 
(corresponding to 8x of reproduction of a CD-ROM) and 
the highest recording linear velocity is 38.4 m/s 
(corresponding to 32x of reproduction of a CD-ROM). 
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Table 3 shows an example of information of pulse width, 
power level, and parameters of OPC in the case of each of 
the multipulse patterns A and B. 



75 



OPC parameters 


Pwi 




28.0 


30.0 


24.0 


26.0 


w 


0.28 


0.28 


0.32 


0.32 




1.2.0 


1.2.0 


1.20 


1.20 


CD 


1.351 


1.35 


1.30 


1.30 


Power 
level 


Pb(Pb') 


[mW] 


• 

O 


rH 
O 


rH 

• 

O 


rH 

* 

O 


Pulse width 


z(z') 


0.80 


0.50 


1 1.70 


0.50 


0.50 


1.00 


0.55 


0.50 


>^ 


0.20 


0.50 


1 


0.50 


0.50 


1 


1.15 


1.00 


x(x') 


0.40 


0.70 


0.80 


0.50 


0.50 


1.50 


1.30 

i 


1.00 


Signal width 


3-llT 


3-llT 


H 

CO 


H 

rH 
rH 

V 

ON 

*s 

LO 


H 
o 

rH 


3T 


H 

rH 
rH 

in 


H 

o 

rH 
00 

V 
V 


Recording linear | 
velocity 


CD speed 


X 

00 


16x 


X 
00 


32x 


[m/s] 


ON 


19.2 


vO 

ON 


38.4 


Multipulse 
pattern 


< 


CQ 



The optical information recording medium G was 
inserted into an optical information recording apparatus H 
for CD recording (a test drive manufactured by Ricoh 
Company,, Ltd.) in which the recordable linear velocity 
range is from 4.8 m/s to 24,0 m/s (corresponding to 4x to 
20x of reproduction of a CD-ROM) in the IT cycle pattern 
A and is from 4.8 m/s to 38.4 m/s (corresponding to 4x to 
32x of reproduction of a CD-ROM) in the 2T cycle pattern 
B, and it is set to select a recording condition with which 
recording is performed at a speed as high as possible, as 
the desired optimum condition. When CD-reproducible 
contents data was recorded, the 2T cycle pattern B was 
selected as the recording pulse pattern and 38.4 m/ s was 
selected as recording linear velocity. As parameters of 
the pulse pattern, coefficients of the pulse width were set 
as x' = 1.50 and z' = 1.00 for 3T, x' = 1.30, y 7 = 1.15, and z 7 
= 0.55 for odd-numbered T other than 3T, and x 7 = 1.00, y' 
= 1.00, and z 7 = 0.50 for even-numbered T. Power level 
Pb 7 = 0.1 mW, OPC parameters were set as S = 1.30, R = 
1.20, E = 0.32, and Pwi = 26.0 mW. OPC was performed 
with the parameters, power levels of Pw 7 = 18.9 mW and 
Pe = 8.9 mW were set, and recording was conducted at the 
set power levels. 

Table 2 shows the result of characteristic evaluations 
made on the recorded part by a CD 
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recording/reproduction evaluation apparatus (DDU-1000 
manufactured by Pulstec Industrial Co., Ltd.). 3T jitter 
was less than 35 ns and the modulation degree was higher 
than 0.55 and it is found that recording was conducted 
with good recording characteristics. When the contents 
data recorded on the optical information recording 
medium G was read by a CD-ROM reproducing apparatus 
(MP9120A manufactured by Ricoh Company, Ltd.), the 
data was successfully read without causing any read error. 
Example 3 

A DVD-compatible phase-change optical information 
recording medium C on which two types of multipulse 
patterns are pre-formatted was manufactured. The 
multipulse patterns are: the IT cycle pattern A as shown in 
FIG. 1 including a part of IT cycles in which the lowest 
recording linear velocity is 3.5 m/s (corresponding to lx of 
reproduction of a DVD-ROM) and the highest recording 
linear velocity is 14.0 m/s (corresponding to 4x of 
reproduction of a DVD-ROM); and the 2T cycle pattern B 
as shown in FIGs. 3 and 4 including a part of 2T cycles in 
which the lowest recording linear velocity is 7.0 m/s 
(corresponding to 2x of reproduction of a DVD-ROM) and 
the highest recording linear velocity is 21.0 m/s 
(corresponding to 6x of reproduction of a DVD-ROM). 
Table 1 shows information of pulse width, power level, 
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and parameters of OPC in the case of each of the 
multipulse patterns A and B. Namely, the optical 
information recording medium is the same as that in 
Example 1. 

The optical information recording medium C was 
inserted into an optical information recording apparatus F 
for DVD recording (a test drive manufactured by Ricoh Co., 
Ltd.) which performs recording if recording can be carried 
out at the linear velocity of 3.5 m/s (corresponding to lx 
of reproduction of a DVD-ROM) in the IT cycle pattern A 
as a desired optimum condition. When 
DVD-reproducible contents data was recorded, the IT 
cycle pattern A was selected as the recording pulse pattern 
and 3.5 m/ s was selected as recording linear velocity. As 
parameters of the pulse pattern, coefficients of the pulse 
width were set as x = 0.30, y = 0.25, and z = 0.95. Power 
level Pb = 0.1 mW. OPC parameters were set as S = 1.35, 
R = 1.18, E = 0.35, and Pwi = 14.2 mW. By performing 
OPC with the parameters, power levels of Pw' = 15.8 mW 
and Pe = 5.5 mW were set, and recording was conducted at 
the set power levels. 

Table 2 shows the result of characteristic evaluations 
made on the recorded part by a DVD 

recording/reproduction evaluation apparatus (DDU-1000 
manufactured by Pulstec Industrial Co., Ltd.). The jitter 
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(data to clock jitter) was less than 9% and the modulation 
degree was higher than 0.6. It is found that recording 
was conducted with good characteristics. When the 
contents data recorded on the optical information 
recording medium C was read by a DVD-ROM reproducing 
apparatus (MP9120A manufactured by Ricoh Company, 
Ltd.), the data was successfully read without causing any 
read error. 
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